ABSTRACT
INTRODUCTION
Primed in situ (PRINS) labeling has become an alternative to in situ hybridization (ISH) for the localization of nucleic acid sequences in cells and tissues (3, 8) . The procedure is based on the rapid annealing of an unlabeled DNA primer (restriction fragment, polymerase chain reaction [PCR] product or oligonucleotide) to its complementary target sequence in situ. The primer serves as an initiation site for in situ chain elongation using a thermostable DNA polymerase and either fluorochrome-, biotin-or digoxigeninlabeled nucleotides. The labeled DNA chain can be detected directly by fluorescence microscopy or indirectly using fluorochrome-conjugated avidin or antibody molecules (3) (4) (5) . Since its introduction (8) , the PRINS technique has been improved considerably for detection of specific RNA and DNA sequences in cell preparations (2, 3, 9) . The detection limit of the PRINS technique appears to be in the order of low copy sequences (1, 3) .
Recently, the detection of multiple DNA targets using different fluorochromes in sequential PRINS reactions has been reported (3, 5, 12) . However, for the simultaneous identification of more than two DNA sequences, DNA counterstaining or chromosome banding is, in principle, not possible, since the available fluorescence colors are utilized for specific target detection. In the present report, we describe the application of a recently developed triple-color, bright-field procedure for the detection of PRINS-labeled nucleic acid sequences, so that both chromosomes and nuclei can be visualized with hematoxylin counterstaining (11) . Moreover, since a bright-field approach (i) does not require a fluorescence microscope with a confocal system or charge-coupled device (CCD) camera for image analysis and processing and (ii) has the advantage that no fading of the PRINS signals occurs (since they are permanently localized and can be examined in relation to cell morphology), this approach should be preferred for routine application and diagnostic purposes (11, 14) .
An additional interesting development comprises the utilization of the PRINS technique on frozen tissue sections, which is reported here using the same bright-field detection approach. In this way, individual cells can be identified within their tissue context and be analyzed for their copy numbers of specific chromosome regions. This application can be of particular importance in the area of tumor pathology.
MATERIALS AND METHODS

Preparation of Metaphase Spreads and Tissue Sections for PRINS
Chromosomes were prepared from peripheral blood lymphocytes by standard methods, fixed in methanol:acetic acid (3:1) and spread on acid/alcoholcleaned slides. Slides were used within a week of preparation, whereas the cell suspension could be stored at -20°C for up to three months. Slides were passed through an alcohol series (70%, 90% and 100%), which helped in preserving chromosome morphology, and air-dried before the first PRINS reaction.
Fresh tissue samples from normal colon and bladder epithelium were obtained after surgical resection and snapfrozen in liquid nitrogen. Frozen sections 4-µ m-thick were mounted on poly-L -lysine-coated slides and stored at -20°C. Prior to use, slides were airdried and fixed in methanol:acetic acid (3:1) for 10 min at room temperature (RT). The slides were air-dried, washed for 5 min in phosphate-buffered saline (PBS) and 2 min in 0.01 NHCl, digested with 100 µ g/mL pepsin in 0.01 N HCl and passed through an alcohol series starting with 70% ethanol in 0.01 N HCl, which helped in preserving cell morphology (unpublished). Tissue sections were post-fixed in 1% paraformaldehyde in PBS for 10 min at RT, washed in PBS for 5 min, dehydrated and subjected to the PRINS procedure.
Oligonucleotide Primers
The oligonucleotides used in this study included primers specific for the centromeric regions of human chromosome 7 (20-mer, AGCGATTTGAG-GACAATTGC), chromosome 9 (19-mer, AATCAACCCGAGTGCAATC), chromosome 11 (19-mer, GAGGGTT -TCAGAGCTGCTC) and the Y chromosome (27-mer, TCCATTCGATTC -CATTTTTTTCGAGAA) (12) . All primers were synthesized on an Applied Biosystems Model 381A DNA synthesizer (Perkin-Elmer/Applied Biosystems Division, Foster City, CA, USA) according to the manufacturer's instructions.
PRINS
PRINS reactions on metaphase preparations have been described previ -
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ously (3, 12) . Briefly, chromosomal DNA was denatured in 70% formamide, 2 ×standard saline citrate (SSC) for 2 min at 70°C, followed by dehydration with 70% ethanol at 4°C, 90% and 100% ethanol at RT and airdrying. The reaction mixture contained 0.2 mM dATP, dGTP and dCTP; 0.02 mM dTTP; 0.02 mM of one of biotin-16-dUTP, digoxigenin-11-dUTP, fluorescein-12-dUTP (Boehringer Mannheim, Mannheim, Germany) or FluoroRed-dUTP (Amersham International, Little Chalfont, Bucks, UK); 250 ng of primer; and 1 U TaqDNA Polymerase (Perkin-Elmer, Chalfont St. Giles, UK or Boehringer Mannheim) in 50 µ L Taqbuffer (10 mM Tris-HCl, pH 7.6, 50 mM KCl, 1.5 mM MgCl 2 , 0.01% bovine serum albumin [BSA] ). Forty microliters of this mixture were placed under an acid/alcohol cleansed coverslip on the slides and sealed with rubber cement. Slides were transferred to a Hybaid OmniGene Flatbed thermal cycler (Hybaid Limited, Teddington, Middlesex, UK). Each PRINS reaction cycle consisted of 5 min at 55°C (chromosome 9-specific primer) or 60°C (chromosomes 7, 11 and Y-specific primers) to anneal the primer to the chromosomal DNA, followed by 15 min at 70°C for chain elongation. The reaction was stopped by transferring the slides (after removal of rubber solution seal) to 50 mL of 500 mM NaCl, 50 mM EDTA in a Coplin jar at 65°C for 1 min.
For sequential PRINS reactions, it was found to be necessary to incubate the slides prior to the next PRINS reaction with 0.025 mM each of ddATP, ddGTP, ddCTP, ddTTP and 1 U Klenow DNA polymerase (Boehringer Mannheim) in 40 µ L of 0.05 M TrisHCl, pH 7.2, 0.01 M MgSO 4 , 0.01 mM dithiothreitol and 0.15 mg/mL BSA under a coverslip for 1 h at 37°C to prevent free 3 ′ ends of the newly synthesized DNA being used as primers for subsequent reactions. Following this step, the slides were dehydrated and air-dried before the next PRINS reaction with another primer and a different reporter was run.
PRINS on tissue sections was performed by application of the appropriate PRINS reaction mixture under a coverslip, followed by denaturation of DNA for 2 min at 94°C on the thermal cycler and the PRINS reaction as described above.
Cytochemical Detection of PRINSLabeled DNA
After the final PRINS cycle, the reaction was stopped as described above, and slides were incubated in 4 ×SSC, 0.05% Triton ® X-100, 5% skimmed milk powder for 5 min at RT to reduce background staining in the detection procedures. Bright-field detection of incorporated hapten-dUTPs with enzyme precipitation reactions was performed as described previously (11) . Briefly, in single-target PRINS, biotin-dUTP was visualized with horseradish peroxidase-conjugated avidin (AvPO, diluted 1:50; Dako, Glostrup, Denmark), followed by either the diaminobenzidine (PO-DAB) or the tetramethylbenzidine (PO-TMB) reaction. In double-target PRINS, biotinand digoxigenin-dUTP were detected with incubations of AvPO, mouse antidigoxin (MADig, diluted 1:2000; Sigma Chemical, St. Louis, MO, USA) and GAMAPase (Dako), followed by the APase-Fast Red and the PO-DAB reaction. In triple-target PRINS, biotin, digoxigenin-and fluorescein-dUTP were detected with incubations of AvPO, a mixture of MADig and rabbit anti-FITC (RAFITC, diluted 1:2000; Dako) and a mixture of GAMAPase and PO-conjugated swine anti-rabbit IgG (SWARPO, diluted 1:100; Dako). After the first detection layer, the PO-DAB reaction was performed followed by an incubation in 0.01 NHCl for 10 min at RT to inactivate any remaining activity of the PO enzyme. After the last incubation step, the APase-Fast Red and the PO-TMB reaction were performed. Cells were counterstained with hematoxylin and embedded in (i) 0.2 M Tris-HCl, pH 7.6 and glycerol (1:9) (single PO-DAB and double PRINS), (ii) immersion oil (single PO-TMB PRINS) or (iii) a thin protein layer (triple PRINS) (11) . The preparations could be stored permanently at 4°C and were evaluated with a standard Zeiss bright-field microscope (Carl Zeiss, Thornwood, NY, USA). Selected cells were directly photographed using a Kodak Color Gold 100 ASA film (Eastman Kodak, Rochester, NY, USA) in combination with blue and magenta filters.
RESULTS AND DISCUSSION
To test the feasibility for applying three different enzyme precipitation reactions (PO-DAB, APase-Fast Red and PO-TMB) combined with bright-field microscopy for the detection of multiple DNA targets with PRINS, single-, double-and triple-target PRINS reactions were performed on normal human Vol. 20, No. 2 (1996) Sho r t Technical Repo r t s male chromosome preparations. Single-target PRINS with the centromerespecific primers for chromosomes 7, 9 and Y was used to prove the applicability of these enzyme reactions for nucleic acid detection (data not shown). For double-target PRINS, the centromeres of chromosome 9 were labeled with biotin, followed by digoxigenin labeling of the chromosome 7 centromeres. The two labeled centromeric regions of each chromosome were enzyme cytochemically detected by the PO-DAB and APase-Fast Red reaction, respectively. The contrasting colors of the brown PO-DAB and red APase-Fast Red precipitates could be clearly distinguished on both hematoxylin counterstained metaphase chromosomes and interphase nuclei (Figure 1, a and b) . In addition, combination of the PO-DAB and APase-Fast Red reactions with the PO-TMB reaction made it possible to localize three PRINS-labeled DNA sequences on chromosome preparations. Figure 1 , c and d clearly show the two copies of the centromeres of chromosomes 7 and 9 together with one copy of the centromere of chromosome Y in red, brown and green, respectively, on hematoxylin counterstained chromosomes and nuclei. The entire detection procedure can be performed within a timespan of 3 h, including mild acid treatment for inactivation of the first applied PO activity to avoid mixing of the PO-DAB and PO-TMB reaction products, and embedding the preparations in a protein layer to ensure permanent stabilization of the enzyme reaction products as well as optimal visualization of color contrast (11) .
It made no difference which primed sequence was labeled with which reporter (biotin-, digoxigenin-or fluorescein-dUTP) in multiple-target PRINS. However, a dideoxynucleotide reaction with Klenow DNA polymerase between successive PRINS reactions was found essential to block the free 3 ′ ends that remained after the earlier PRINS reaction. The sequence of the applied enzyme reactions, however, must always end with the PO-TMB reaction, since the resulting precipitate proved to be unstable in aqueous solutions with a pH above pH 6.0 (e.g., dilution and washing buffers). The reliability of the simple bright-field detection procedure for the visualization of multiple PRINS-labeled DNA sequences was high for double-and triple-target PRINS, showing in almost all metaphases and interphase nuclei-specific staining of the expected copies of chromosome centromeres. However, sometimes triple-target PRINS results were more difficult to interpret, especially in interphase nuclei, most probably due to background staining originating from priming at nicks in the target DNA or sites with nonspecifically annealed oligonucleotides.
Multiple-target, bright-field PRINS analysis requires metaphase preparations of high quality (no nicks), the use of specific primers as well as optimized PRINS reaction conditions. When these requirements are fulfilled, this relatively simple technique can be utilized for the identification of chromosomes in cell preparations of, e.g., somatic cell hybrids and tumor tissue and for the assignment of DNA sequences to specific chromosomal regions (3, 14) .
To apply the PRINS technique to tissue material, 4-µ m-thick frozen sections of normal colon and bladder epithelium were subjected to different fixation procedures, including 10 min of acetone at -20°C, 10 min of methanol at -20°C, 10 min of 70% ethanol at -20°C, 10 min of 70% ethanol/1% formaldehyde at -20°C and 10 min of methanol:acetic acid (3:1) at RT. Fixation was followed by a 10-min pepsin digestion step at a concentration of 100 µ g/mL to permeabilize the sections for penetration of PRINS reagents and conjugates. Thereafter, PRINS labeling with the chromosome 9-specific primer was performed. Fixation of the sections in methanol:acetic acid in combination with pepsin digestion proved to be essential for efficient PRINS labeling and preservation of tissue morphology. Furthermore, denaturation of cellular DNA for 2 min at 94°C on the thermal cycler appeared to be much more efficient than a denaturation step for 2 min at 70°C in 70% formamide, 2 ×SSC before the PRINS reaction, as is routinely performed for metaphase spreads (3, 12) . Figure 1 , e and f show that detection of the centromeric regions of chromosome 9 can be achieved within 3 h on sections of normal colon and bladder epithelium, respectively.
Vol. 20, No. 2 (1996) Biotin-dUTP incorporation was detected with AvPO, followed by the PO-TMB reaction (green spots, Figure 1e ) or the PO-DAB reaction (brown spots, Figure 1f ) performed as described above. The results proved to be very specific without suffering from high background levels. Quantification of the PRINS signals in these normal epithelial cells showed a majority of nuclei (about 50%-60%) with two signals and some nuclei displaying only one or no signal, which is most probably caused by truncation of the nuclei during sectioning of the tissue samples (6) . Also the chromosome 7-specific primer described earlier could be utilized efficiently in single-target PRINS on this tissue material (data not shown). The same results with both primers were found after PRINS labeling with FluoroRed-dUTP incorporation and direct fluorescence detection, which demonstrates also the usefulness of this technique combined with fluorescence microscopy (data not shown). However, since tissue sections may display autofluorescence, evaluation of cell nuclei may be more difficult by this method.
The PRINS results with the chromosome 9-specific primer demonstrate that this technique can be used successfully on tissue sections to rapidly obtain both histological and genetic information. Thus, chromosome ploidy can be determined, and tumor heterogeneity may be recognized within a tissue section. For this purpose, PRINS primer sequences are available for the centromeric regions of a number of human chromosomes (3) (4) (5) 7, 10, 12) . The feasibility of multiple-target PRINS on tissue sections as well as the detection of low-copy and unique sequences are currently under study. Particularly, the recent developments in cytochemical detection systems (such as the tyramide signal amplification system) will further improve the detection limit and efficiency of nucleic acid sequences in situ (for review, see Reference 13) .
In conclusion, we demonstrated that bright-field detection of up to three specific PRINS-labeled DNA sequences in DNA counterstained metaphases and interphase nuclei of normal human lymphocytes is feasible, as is the application of the PRINS technique to frozen tissue sections.
